The present investigation proposes an experimental device able to assess the thermomechanical behavior of Ti-6Al-4V Titanium alloy throughout the die-forging operation. Constitutive equations are developed to assess the influence of the process (die-forging temperature, cooling rate) and the microstructure parameters on the mechanical response of the alloy. For this purpose, a non-unified behavior model formulation is implemented, which defines two main mechanisms related to α and β phases and allows the prediction of hardening, strain rate sensitivity and temperature, combined with the phase evolution that is dependent on the cooling conditions and which can greatly affect the mechanical behavior. This identification strategy is then applied for die-forging temperatures below the β-transus temperature, which requires microstructural information provided by SEM (Scanning Electron Microscopy) observations and image analysis. Finally, the approach is extended to die-forging temperatures above the β-transus temperature.
Figure 2: Starting microstructure of Ti-6Al-4V : (a) after Forging, (b) after time-temperature heat treatment corresponding to the Die-Forging (cooling rate: 60
The cooling rate greatly influences the induced microstructure. Indeed, the thick-91 ness of the secondary (lamellar) α-phase diminishes as the cooling rate increases. In ). Moreover, three temperature 119 domains were investigated:
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• from 950
• from 800 • C to 500 • C
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• from 500
In the following section, the effects of the cooling rate, strain rate and test takes a longer time to grow, leading to lamellar coarsening. Hence, the morphology 144 of these lamellae is quite similar to that of the α I nodules. • C/min (left) , 60
The corresponding tensile tests (see observations do not exhibit a significant evolution, regardless of the test conditions.
158
The average size considered next is thus 15µm. 
900
• C to 20 • C. Therefore, this temperature level will not be deeply investigated in
Figure 7: SEM observations for tensile tests performed at 950
• C(a); and 800
the sequel. From these measurements, the evolution of the β fraction can be assessed in a Ti-6Al-4V alloy, the evolution with the temperature of the β phase amounts mea-173 sured by in situ X-ray diffraction techniques. As in our present study, it seems that 174 most of the β ↔ α phase transformation occurs at a temperature in the 800
range. This therefore confirms that, during cooling, most of the β phase had com- with the temperature (see Fig. 9 ). Moreover, a significant stress relaxation occurs 179 during the tensile dwell time for the test temperature above 500
• C, involving con-180 siderable viscous stress, whereas it is considerably reduced below this temperature. partition of the total strain into elastic and plastic parts is considered (Eq. (3)).
Hooke's law is given by Eq. 4 for each phase. And each strain component can 201 be related to a phase ratio Z Φ (Eq. 5).
with:
A von Mises yield surface is assumed for each phase, as shown by Eq. 6. Its 203 evolution is defined through an isotropic hardening variable R φ . tential Ω.
209
The free energy can be partitioned into elastic and inelastic parts ψ = ψ e + ψ in 210
and, in the present study, formulated for each phase (Eq. 7).
The state laws giving the Cauchy stress and the macroscopic isotropic hardening 212 variable derive from this potential (Eq. 8).
with r φ the internal variable associated to the isotropic hardening. b φ and Q φ 214 are temperature-dependent coefficients.
215
The dissipation potential Ω allows definition of the evolution of the internal 216 variables (Eq. 9). It includes, first, a static recovery part (Eq. 10) and a classical 217 viscoplastic potential formulated in the form of a power law. However, its expression 218 differs from one phase to another. Indeed, a similar form is used to describe the 219 primary and secondary alpha phase (Eq. 11), whereas a particular form is considered 220 for the β phase (Eq. 12) so as to reproduce the yield point phenomenon.
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222 
226
The viscoplastic flow derives from this potential (Eq. 13).
where S φ is the deviatoric part of σ φ .
228
The cumulative plastic strain for each phase is given by Eq. 14 for the α phase and Eq. 15 for the β phase.
Lastly, the evolution equation related to the isotropic hardening for each phase 232 is determined from Eq. 16.
The positivity of intrinsic dissipation D ensures good agreement of the model 234 formulation with thermodynamic principles. It can be expressed by Eq. 17.
The positivity of D can be proved by Eq. 18.
Introduction of the microstructural parameters

237
The viscoplastic flows (Eq. 14 and 15) require the identification of material pa- 246 Similarly, the proposed law introduces a relationship, given by Eq. 20, between
250
K α II and the thickness of the α II lamellae L.
K 2 and n L are material parameters. L depends on the cooling rateθ (see Eq. between the densities of the total dislocations and the cumulative plastic strain.
where C ρ and a ρ are material parameters.
260
The strain rate had a significant influence on the yield point phenomenon, there-261 fore, the following time evolution of f m is assumed (Equation 22 ).
with: f m (t = 0) = f m0 and λ and κ are material parameters. 
where µ and δ are material parameters.
279
All the constitutive equations are given in Appendix A ( The evolution of Young's modulus with the temperature is obtained by using the 284 relationship given by Eq. 24.
The same values are assumed for α I nodules and α II lamellae. A tensile test 
Time-dependent parameters
292
The tensile tests performed with a cooling rate of 60 • C/min were used to iden- The curve gives the value of n = n φ , which is assumed to be the same for Lastly, the model predictions for several cooling rates are illustrated in Fig. 14 
338
at θ = 500
• C (a) and at θ = 20
• C (b).
339
All the values of the model parameters are given in Appendix B (Tables B. 2-B.6). Stress data and experimental results in the case to the β-heat treated Ti-6Al-4V,
360
at 950
• C and for several strain rates (Fig. 15a) , at intermediate temperatures
361
(T={20, 500, 700}
• C) and for several cooling rates ( Fig. 15b and 16a- be changed concern microstructural features of the β-heat treated alloy. 
392
First, the phase analysis (Fig. 8) 
419
Finally, the strain rate sensitivity is reduced for temperatures inferior to 500 • C
420
[8] involving a significant hardening effect which is assumed similar for each phase.
421
On the other hand, Fig. 12 
427
• For a (α + β) dual-phase alloy, the phase transformation is greatly influenced 428 by the cooling rate conditions, which themselves play an important role in the 429 strain-stress response of the material.
430
• The non-unified behavior model is able to predict the mechanical behavior,
431
assuming an initial phase proportion (α I , α II or β).
432
• 
